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We show that by nullifying the short-wave response to the long-wave excitation (local-field-effects),
the adiabatic time-dependent density-functional theory (TDDFT) of optics of semiconductors and
insulators can be brought into excellent agreement with experiment. This indicates that the wing
elements [(G, 0) and (0,G), G 6= 0] of both the Kohn-Sham (KS) density-response function χs and
the exchange-correlation kernel fxc are greatly overestimated by the existing approximations to the
static DFT and TDDFT, respectively, to the extent that zero is a better approximation for them
than the corresponding values provided by current theories. The head element of fxc is thereby
fixed by the static macroscopic dielectric constant ǫM . Our method yields accurate optical spectra
including both the weakly and strongly bound excitons, while its computational cost is extremely
low, since only the head element of the KS response matrix and the static dielectric constant are
needed.
It is known since works of Adler [1] and Wiser [2] that
in order to obtain the macroscopic dielectric function
ǫM (q, ω) of a crystal, one must invert the microscopic
dielectric matrix ǫGG′(q, ω) indexed with the reciprocal
lattice vectors. Then
ǫM (q, ω) =
1
ǫ−100 (q, ω)
. (1)
As a result, in general, ǫM (q, ω) 6= ǫ00(q, ω), which fact is
due to the short-wave response to the long-wave pertur-
bation and is usually referred to as the local-field effects
(l.f.e.) (see, e.g., Ref. 3 and references therein).
The time-dependent density-functional theory
(TDDFT) [4], which has become a preferential approach
in the studies of dynamic quantum-mechanical processes
in general, and in optics, in particular [5–14], takes full
care of l.f.e., representing crystals’ response functions
with matrices indexed with reciprocal lattice vectors.
The key quantity of TDDFT is the exchange-correlation
kernel fxc, which, together with the Kohn-Sham (KS)
single-particle density-response function χs, determine
the interacting-particles density-response function χ
through the equality [4]
χ−1GG′(q, ω) = (χ
s)−1GG′(q, ω)−
4π
|G+ q|2
δGG′−f
xc
GG′(q, ω).
(2)
While χs is constructed using the single-particle states
obtained with a given approximation to the static
exchange-correlation potential vxc(r) [15], f
xc is a true
many-body quantity containing, in principle exactly, all
the dynamic exchange-correlation effects in a real inter-
acting system.
A great amount of efforts has been invested into the
development of approximations to fxc of crystalline semi-
conductors and insulators [5–14]. They range from the
computationlly demanding ones which provide little gain
in the efficiency compared with the solution of Bethe-
Salpeter equation [16], although solidly grounded theo-
retically [5, 7], to very practicable ad hoc schemes [9]. In
this Letter, which tends to the latter category, we come
up with a simple ansatz which leads to an approximation
by far simpler and computationally more efficient than
any of the existing approaches. At the same time our
method provides very accurate optical spectra of semi-
conductors and insulators including, in particular, the
weakly and strongly bound excitons. Specifically, we nul-
lify the l.f.e., in other words, the contribution from the
wing elements of both χs and fxc are set to zero
lim
q→0
χsG 6=0,0(q, ω)
Gq
= 0, (3)
lim
q→0
GqfxcG 6=0,0(q, ω) = 0. (4)
From the expression for the microscopic dielectric matrix
ǫ−1GG′(q, ω) = δGG′ +
4π
|G+ q||G+ q′|
χGG′(q, ω), (5)
equation (2), and the mathematical fact that the inverse
of a matrix with zero wings is a matrix with zero wings,
we see that Eqs. (3) and (4) lead to
ǫG 6=0,0(q = 0, ω) = 0. (6)
Obviously, any two of the Eqs. (3), (4), and (6) entail the
third one. Equations (1) - (4) also yield
lim
q→0
q2fxc00(q, 0) = lim
q→0
q2
χs00(q, 0)
−
4π
1− ǫM
, (7)
where ǫM is the macroscopic static dielectric function
[17]. Taking use of the adiabatic TDDFT, we extend
2Eq. (7) to finite frequencies
lim
q→0
q2fxc00(q, ω) = lim
q→0
q2
χs00(q, 0)
−
4π
1− ǫM
. (8)
Since all the matrices involved have zero wings, no body
elements are now relevant to the calculation of the macro-
scopic dielectric function ǫM (ω), and Eqs. (3), (4), and
(8) constitute a closed-form solution as soon as the static
ǫM is known. The latter can be found by an independent
calculation or taken from experiment.
In Fig. 1, we present results for the optical absorption
of several semiconductors and insulators obtained with
the use of Eqs. (3), (4), and (8). Calculations were carried
out with the full-potential linear augmented plane-waves
(LAPW) code Elk [18]. We use Tran and Blaha’s meta
generalized gradient approximation (meta-GGA) (TB09)
for the exchange potential, which provides realistic band-
gaps [19]. For correlations, the local-density approxi-
mation (LDA) potential [20] is used. Convergence was
achieved with the shifted 32× 32× 32 k-points grid and
the reciprocal vector cut-off G = 12 bohr−1. Clearly, the
overall agreement between the theory and experiment is
very good: The positions of the excitonic features in the
spectra are correct for all the considered materials and
their intensity compared with other peaks is mostly ac-
curate too. Figure 2 shows the real part of the dielectric
function of the same crystals.
It must be noted that the idea to relate the head ele-
ment of fxc to the static macroscopic dielectric function
dates back to Ref. 8. Our results, however, show that
this idea is quantitatively successful only if the l.f.e. are
discarded, otherwise there is no good agreement between
theory and experiment [8]. Besides, only if there are no
wing elements Eq. (7) holds, providing a basis for the
adiabatic TDDFT within this approach.
In conclusion, we suggest the simplest of the existing
approximations in the time-dependent density-functional
theory of optics of semiconductor and insulators, i.e., the
approximation of the zero wing elements of the response
matrices. This proves to be remarkably successful in
reproducing the experimental optical spectra, including
both weakly and strongly bound excitons. The simplicity
of the implementation combined with the high accuracy
has the potential of making this method a useful theo-
retical tool in optics and possibly beyond.
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FIG. 1. (color online) Imaginary part of the dielectric function of several semiconductors and insulators. The theory (dashed
red line) which implements Eqs. (3), (4), and (8) is used. The single-particle band structure and, consequently, χs
GG′
(0, ω)
were calculated with MGGA exchange and LDA correlation potentials. Blue dotted line is random phase approximation (RPA)
with meta-GGA ground-state calculation. Experiment (black solid line) is from Ref. 21 for all species except for SiC, which is
of Ref. 22. Static dielectric constants ǫM used in Eq. (8) are 5.6, 11.7, 16, 10.9, 1.92, and 6.52 for diamond, Si, Ge, GaAs, LiF,
and SiC, respectively.
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FIG. 2. (color online) Real part of the dielectric functions of the same crystals as in Fig. 1.
